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(54) Water soluble wound dressing materials. 



(5?) The invention provides water soluble wound 
dressing materials comprising from 5% to 50% 
of an alginate ester of a C r C 6 polyhydric 
alcohol ; from 50% to 95% of a humectant 
consisting of one or more C^-Cq monohydric or 
polyhydric alcohols; and from 0% to 30% of 
water, the percentages being calculated by 
weight based on the weight of the material 
when anhydrous. The preferred alginate ester is 
propylene glycol alginate (PGA). The materials 
dissolve in water at temperatures below 40°C. 
The materials are normally produced in the 
form of soft, conformable, wound-friendly films. 
The materials may also comprise medicaments 
or antiseptics. 
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The present invention relates to a water soluble 
material suitable for application to the surface of a 
wound as or in a wound dressing. 

The use of biopoiymers as the wound contacting 
layer of wound dressings is well known in the art Bio- 
poiymers may be made absorbent biocompatible and 
resorbable, thereby assisting wound healing. In addi- 
tion, several biopoiymers such as collagen, chitin, 
chitosan and alginates have been shown actively to 
assist wound healing by chemotaxis. Some biopoiy- 
mers also exhibit a haemostatic effect. 

Among the preferred biopoiymers for wound 
healing applications are the alginates. This is on ac- 
count of the abundance of alginates, their well- 
understood physicochemica! properties and their 
proven chemotactic effect on wound healing. The al- 
ginates may be applied to the wound in a water-solu- 
ble form, for example by dusting sodium alginate pow- 
der onto the wound. Alternatively, the alginate may be 
applied as insoluble calcium alginate, or as an insolu- 
ble and water-swell able mixture of sodium alginate 
and calcium alginate. The soluble or insoluble algin- 
ate may be in the form of fibres, a fleece, a gauze or 
a film. It may be attached to other elements of a 
wound dressing such as an absorbent layer, a semi- 
permeable or impermeable backing layer, and/or an 
adhesive-coated layer. Typical such alginate fleeces 
and wound dressings incorporating them are dis- 
closed, for example, in GB-A-1379158, GB-A- 
906911, US-A-4793337, WO 90/01954, US-A- 
4393048, EP-A-0227955, EP-A-0099758, EP-A- 
0344913 and EP-A-0459378. 

For many applications a continuous film of algin- 
ate is desirable as the wound contacting layer. Such 
a film presents a uniform contacting surface to the 
wound and helps to exclude bacteria from the wound. 
Continuous films are also easier to remove without 
disrupting the wound bed. 

Alternatively, the film may be perforated or reti- 
culated to allow passage through the film of heavy 
flows of exudate from the wound while remaining 
easily removable. 

In order to be useful, the alginate film should pre- 
ferably be strong, elastic, highly conformable, inex- 
pensive, absorbent and sterilizable by gamma irradia- 
tion. Preferably, the alginate film should contain a 
high proportion of humectants such as glycerol so as 
to maintain a moist wound surface. 

Hitherto, no aiginate-containing film has provid- 
ed the optimum combination of properties for use as 
a wound dressing. For example, anhydrous films of 
calcium and/or sodium alginate have been suggested 
for this application. However, the anhydrous films 
may incorporate only up to about 1 0% by weight of hu- 
mectants, which is insufficient for effective moistur- 
ising of the wound surface. Moreover, the high algin- 
ate content of the anhydrous films makes then rela- 
tively expensive. The amount of humectant incorpo- 



rated in the films may be increased by incorporating 
water as well, and this also reduces the cost of the 
film. However, incorporation of water weakens the 
films. Films containing water present storage prob- 

s lems because they dry out in air. Films containing 
substantial amounts of water cannot be sterilized by 
gamma-irradiation. 

EP-A-0459378 (FID IAS. p. A) discloses films con- 
taining between 1% and 7.5% by weight of one or 

10 more alkali metal alginates such as sodium alginate, 
from 0.1% to 5% of an alkali earth alginate such as 
calcium alginate, from 0.1 % to 1 0% of a polyhydric al- 
cohol and from 0.05% to 10% of a hydrophilic polymer 
such as hyaluronic acid, the balance of the composi- 

15 tion being mainly water. The f i Im is made by extruding 
a solution containing sodium alginate into a calcium 
chloride bath, where insoluble calcium alginate is 
formed. The resulting film cannot be sterilised by 
gamma-irradiation and must be stored under a glycer- 

20 ol/water solution to prevent it from drying out. 

EP-A-0095892 (Nippon Oil Co. Ltd.) discloses 
perforated wound-covering films that comprise: 1.5- 
8% by weight of a polyvinyl alcohol (PVA), from 10- 
85% by weight of a polyhydric alcohol humectant and 

25 from 0.2-1 5% by weight of a water-soluble macromo- 
lecular substance other than PVA The water-soluble 
macromolecular substance is typically a biopolymer 
or derivative thereof, or a synthetic polymer, provided 
that it forms a viscous aqueous solution. Preferred 

30 macromolecular substances are pullulan, xanthan 
gum, tragacanth gum, carboxym ethyl cellulose, poly- 
acrylic acid, i-carrageenan, X-carrageenan or propy- 
lene glycol alginate (PGA). These wound covering 
films are inexpensive, moisturising, strong, anhy- 

35 drous and swellable but not soluble in cold or warm 
water. The main drawback of these films is that the in- 
clusion of PVA even at low concentrations such as 
1.5% results in a film that is stiff and rubbery and in- 
sufficiently conformable to make a satisfactory 

40 wound dressing. The film that contains both PGA and 
PVA can provide some of the advantageous wound 
healing properties of the alginate, but the presence of 
PVA and the rubbery texture of the film mean that the 
rate of release of PGA into the wound is very slow. 

45 Accordingly, it is an object of the present inven- 
tion to provide wound dressing materials that are es- 
pecially suitable for casting into highly conformable 
wound covering films, and that provide for rapid re- 
lease of alginate into the wound bed. 

50 The present invention provides a water-soluble 
wound dressing material comprising, by weight based 
on the weight of the material when anhydrous: from 
5% to 50% of an alginate ester of one or more C^Ce 
polyhydric alcohols; from 50% to 95% of a humectant 

55 consisting of one or more C r C 6 monohydric or poly- 
hydric alcohols; and from 0% to 30% of water. 

The materials according to the present invention 
are water-soluble. That is to say, they will dissolve in 
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cold or warm water at temperatures below 40°C. 

The preferred alginate ester is propylene glycol 
alginate (PGA). PGA is manufactured by reacting an 
alginate and propylene oxide at high temperatures. It 
is available, for example, from Protan Ltd. under the s 
Registered Trade Mark PROTAN AL The viscosity 
and degree of esterif ication of the alginate ester are 
not critical to the materials of the present invention, 
but preferably the degree of esterif ication of the algin- 
ate is between 35% and 95%. That is to say, between 10 
35% and 95% of the carboxylate groups of the algin- 
ate are esterif ied with the one or more C r C 6 polyhyd- 
ric alcohols. The remaining carboxylate groups are 
normally sodium carboxylate groups. 

The esterif ication of the alginate with a polyhyd- 15 
ric alcohol greatly increases the affinity of the algin- 
ate for humectants consisting of one or more C^Ce 
monohydric or polyhydric alcohols. Larger amounts of 
such humectants can be incorporated into wound 
dressing materials based on the alginate esters than 20 
can be incorporated into anhydrous sodium or cal- 
cium alginate materials. Preferably, the materials ac- 
cording to the present invention comprise from 65% 
to 90% by weight of the humectant. Polyhydric alco- 
hols are the preferred humectants. Preferably, the hu- 25 
mectant comprises propylene glycol or glycerol. 
Other preferred humectants are sorbitol and manni- 
tol. 

The high humectant content of the materials ac- 
cording to the present invention makes them espe- 30 
daily suitable for use as or in moisturising wound 
dressings. Furthermore, the materials containing a 
high proportion of humectants are relatively inexpen- 
sive because the humectant is much less costly than 
alginate. The use of at least 5% by weight of the al- 35 
ginate ester allows surprisingly strong films to be 
made without the need to add any reinforcing polymer 
such as PVA. Preferably the materials according to 
the present invention contain at least 10% by weight, 
more preferably more than 15% but less than 25% by 40 
weight of the alginate ester. 

The affinity of the alginate ester for the humec- 
tant means that the above high humectant content 
can be achieved without the need for a high water 
content in the wound dressing material. Preferably, 45 
the materials according to the present invention con- 
tain from 5% to 15% by weight of water and more pre- 
ferably they contain less than 5% by weight of water. 
The low water content makes the materials steriliz- 
able by gamma-irradiation and also avoids the prob- so 
lem of the materials drying out by evaporation when 
they are stored in air. The materials according to the 
present invention typically absorb moisture from the 
ambient air until they reach an equilibrium water con- 
tent of 5%-15% by weight depending on the ambient 55 
humidity. Because of this variability in the water con- 
tent of the films all of the weight percentages given for 
the components in the materials according to the 
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present invention are based on the weight of the ma- 
terial when anhydrous. 

The materials according to the present invention 
optionally contain up to 5% by weight of dissolved 
salts. Preferably the dissolved salt content is 2% by 
weight or less of the composition. The dissolved salts 
preferably contain sodium chloride and may further 
comprise other salts in physiologically acceptable 
concentrations. 

The materials according to the present invention 
preferably also comprise up to 2% by weight of a mi- 
crobicide such as chlorhexidine or an antibiotic to pro- 
vide protection against wound infection. 

The materials according to the present invention 
preferably also comprise up to 25% by weight of one 
or more substances that are pharmacologically active 
to promote wound healing. These substances may 
comprise molecules such as cytokines and/or biopo- 
lymers such as collagen or chitin that have been 
shown to be effective at promoting wound healing. 

The wound dressing materials according to the 
present invention may be prepared in any convenient 
physical form, such as a continuous or perforated 
film, a web, a foam or a fleece of woven or nonwoven 
fibres. Preferably the material is prepared as a con- 
tinuous or perforated film. 

The wound dressing materials according to the 
present invention may be prepared in straightforward 
fashion by mixing together the ingredients with an ad- 
ditional amount of water (up to 50% by weight) to form 
a gel, casting or extruding the gel in the desired shape 
and drying the gel at about 80°C to produce the de- 
sired wound dressing material. Af urther advantage of 
the wound dressing materials according to the pres- 
ent invention is that relatively little water needs to be 
evaporated during the manufacturing process in com- 
parison with the manufacture of anhydrous sodium or 
calcium alginate wound dressings. 

Specific embodiments of wound dressing mate- 
rials according to the present invention will now be 
described further, by way of example. 

Example 1 

A continuous wound-covering film is prepared as 
follows. First, 4g of propylene glycol alginate (PGA) is 
dissolved in a mixture of 12.5g of propylene glycol 
and 12.5g of glycerol. The PGA is PROTANAL Ester 
PYH-A, available from Protan Ltd. The degree of es- 
terif ication is 55-65% and the viscosity of a 1% aqu- 
eous solution of the PGA is 1400±200 mPaS. 

The above solution is mixed with a solution of 
0.45g of sodium chloride in water to form a gel. The 
gel is spread by a knife onto a casting roller in a layer 
approximately 2mm thick and dried in air at 80°C for 
90 minutes. The water content of the film immediately 
after drying is less than 5% by weight, increasing to 
an equilibrium value of about 10% by weight on stand- 
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ing in the atmosphere. 
Example 2 

A continuous wound-covering film is prepared as 
in Example 1 , but with replacement of the 4g of PRO- 
TANAL Ester PVH-A by 6g of PROTANAL Ester CF. 
The latter is a PGA having a degree of esterif ication 
of 83% and a viscosity (1% aqueous solution) of 20± 
5 mPaS. 

The films obtained in Examples 1 and 2 both 
show excellent strength, conformability and soft- 
ness. The high level of humectant in the films makes 
them effective moisturising wound dressings. The 
films are very pleasant to handle and are stable in air. 
No leaching of the humectants is visible when the 
films are sterilized by gamma-irradiation. Little sig- 
nificant difference in properties is observed between 
the films of Examples 1 and 2. 

The above examples are intended solely for the 
purpose of illustration. Many other wound dressing 
materials falling within the scope of the accompany- 
ing claims will be apparent to the skilled reader. 



Claims 

1. A water-soluble wound dressing material com- 
prising, by weight based on the weight of the ma- 
terial when anhydrous: 

from 5% to 50% of an alginate ester of one or 
more C r C e polyhydric alcohols; 
from 50% to 95% of a humectant consisting of 
one or more C r C 6 monohydric or polyhydric alco- 
hols; and 

from 0% to 30% of water. 



the weight of the material when anhydrous of the 
humectant 

7. A water-soluble wound dressing material accord- 
5 ing to any preceding claim wherein the material 

comprises from 5% to 15% by weight of water. 

8. A water-soluble wound dressing material accord- 
ing to any preceding claim further comprising 

10 from 0% to 25% by weight based on the weight 
of the material when anhydrous of one or more 
substances that are pharmacologically active to 
promote wound healing. 

15 9. A water-soluble wound dressing material accord- 
ing to claim 8 wherein the said one or more sub- 
stances that are pharmacologically active to pro- 
mote wound healing comprise a cytokine or a bio- 
polymer other than an alginate. 

20 

10. A water-soluble wound dressing material accord- 
ing to any preceding claim further comprising 
from 0% to 2% by weight based on the weight of 
the material when anhydrous of an antimicrobial 

25 substance. 

11. A water-soluble wound dressing material accord- 
ing to any preceding claim in the form of a con- 
tinuous or perforated film. 

30 

12. A water-soluble wound dressing material sub- 
stantially as hereinbefore described with refer- 
ence to the examples. 

35 



2. A water-soluble wound dressing material accord- 
ing to claim 1 wherein the alginate ester compris- 
es propylene glycol alginate. 40 

3. A water-soluble wound dressing material accord- 
ing to claim 1 or 2 wherein the degree of esterif i- 
cation of the alginate ester is from 35% to 95%. 

45 

4. A water-soluble wound dressing material accord- 
ing to daim 1 , 2 or 3 wherein the humectant com- 
prises glycerol or propylene glycol. 

5. A water-soluble wound dressing material accord- so 
ing to any preceding claim wherein the material 
comprises from 10% to 25% by weight based on 

the weight of the material when anhydrous of the 
alginate ester. 

55 

6. A water-soluble wound dressing material accord- 
ing to any preceding claim wherein the material 
comprises from 65% to 90% by weight based on 
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